Labour force of all European countries is ageing and this natural demographic process has its own consequences on economic output and productivity. This issue has been widely discussed in Western countries for several years, but a deep economic and social discussion is still absent in the Czech Republic. The paper studies the impact of ageing on the level of income of workers stratified by age, level of education or industry. The most challenging issue is the decomposition of growth into a general increase in productivity, the effect specific to a particular industry, and the effect of demographic ageing. All these effects have affected the development of Czech labour force in the last decade. The data for the analysis are sourced from the Labour Force Survey and Average Earnings Information System maintained by the Czech Statistical Office and are combined with national accounts figures. Specifics of the Labour Force Survey are taken into account, and data are transformed to be consistent with the methodology of contemporary macroeconomic indicators.
Introduction
The issue of the productivity is a relevant topic for economic studies despite it was many discussed and investigated. We also bring new motives for studying productivity as a key parameter of society development. The ongoing changes in productivity due to human development are difficult to predict but the there are some areas of economic life where it is possible and necessary. We focus on the problem of demographic ageing and its impact on the Czech economy. Of course, the impacts are quite broader including society, ecology etc. but we focus just on the economy. The impact on the economy can be measured from two sides, the first is from the supply side covering production based on labour and capital and the second is from the demand side respecting changing habit of households and government policy that is reflected in their consumption expenditures. Within this paper we focus briefly on the supply side of the economy that contains mainly the changes in the composition of labour including its quality.
Population ageing affects the labour force in several ways. In addition, a performance of organizations in the forthcoming years is affected since we may face a brain drain and a talent gap. Both the private and the public sector will face a shortage of qualified personnel. The knowledge is a key factor that affects the output and performance and ageing labour force may lead to the decrease of the ability of organizations to be knowledge productive (Stam, 2009 ). We have serious concerns about a slowdown in economic growth due to the lack of young people on the labour market, the ageing labour force or possible unemployment of older workers (Miskolczi et al., 2011) . The fundamental issue is how the change of the population will be influenced in terms of available resources (real output). Therefore, we focus on the issue of productivity that can be positively or negatively influenced by population ageing and for this purpose we use selected macroeconomic indicators and demographic projections. Since the productivity is hard to measure, we use wages and value added broken down by age, educational or industrial level. The key logic behind is the impact of ageing on the level of income of workers and consequences for the population. Our paper brings new view on demographic ageing in Czech context since such analyses are missing in the Czech Republic. In foreign countries, experts started this discussion few years ago. We wanted to express that ageing should be also considered from economic point of view where the productivity issue may not be avoided.
Literature overview
The impacts of demographic processes on the economy is not straightforward that results from number of studies published in developed countries. Many worldwide studies put the question about ability of ageing and shrinking labour force to maintain economic growth, public finances, social security systems and prosperity (Lassila and Valkonen, 2008) .
Closely related with hesitating of employers about employing older people is the question, if an older worker is more or less productive than younger one. Some studies confirm the significance of the factor of laborforce age (e.g Prskawetz et al., 2005; Grönqvist, 2009; or Mahlberg et al., 2013b) . There are several reasons to worry about lower productivity of older workers compared to younger workers. Different ability to adopt of new technologies can be significant reason. Younger workers are beneficiaries of new technologies that are usually more productive than older ones. The similar situation can occur for computer skills and internet use (Newburger, 2001) . Tang and MacLeod (2006) present a work effort as significant difference between younger and older workers. It means that younger workers spent more time working at the workplace as well as higher level of pace than older workers. Older labour force has lower potential for economic innovation, professional and occupational mobility.
There are several analyses about the relationship of ageing and productivity, at individual level (Skirbekk, 2008) , organization level (Aubert and Crépon, 2003) , national level (Prskawetz et al., 2007) or industry level (Mahlberg et al., 2013a) . There are also some studies about ageing and productivity at occupational level (Oster and Hamermesh, 1998) . However, there are not many studies on the effects of the age structure on aggregate productivity in economics. Junka (2003) look in detail at the factors that have contributed to aggregate productivity in 1976 -2005 and 1975 -2000 respectively. Grönqvist (2009) use an econometric approach in line with Tang and MacLeod (2006) to estimate the effects of the changing age structure on productivity in Finland. According to Venn (2008), productivity may also differ across different occupations and aggregated impact would be sensitive to the industrial structure of the economy. It is provided a taxonomy of economic sectors distinguished by their exposure to workforce aging risks (Aiyar et al., 2016) . We can find professions in which the productivity increases with age, with neutral impact and with negative impact on the productivity. Of course, the impact is vitally connected with the nature of the work. It is clear that physically demanding work in the factory will be treated differently than the work of the university professor or lawyer. The study of International Monetary Fund (IMF) works with the impact on the total factor productivity about 0.1 percentage point. In other words, it means that growth of the total factor productivity (TFP) will be lowered by population ageing annually by 0.1 percentage points.
Labour productivity measurement
Output and gross value added is measured within the system of national accounts and therefore we have to start with macroeconomic data. The productivity is usually defined as a production in relation to inputs to the production process. In terms of labour productivity it means output or gross value added per a worker. In order to avoid double counting we use only gross value added and as a labour input we use number of workers expressed in full time equivalent (FTE) using the formula
where Y is gross value added and L is number of workers (full time equivalent). Macroeconomic labour productivity for the period between 1995 and 2017 in industries (according to the NACE classification, see the Appendix) is shown in Table 1 . The productivity is expressed in thousands Czech Koruna (CZK) per worker per year. Historically, the lowest labour productivity was in agriculture (A) and trade (G) in the Czech Republic. However, the relations have changed since 1995. Labour productivity increased by 130.7% in agriculture and by 256.5% in IT (J) between 1990 and 1995, on the contrary, the labour productivity in trade dropped nearly by 50%. The average annual growth rate of labour productivity was about 2.4% during the whole period from 1995 to 2017. That proves solid economic development creating resources. The highest increase was in trade (5.9%), banking (K, 3.6%), manufacturing (B-E, 3.5%) and agriculture (2.4%). In reality, labour productivity itself does not provide adequate information when we do not know the share of labour compensation in value added. It means that we need to know what the overall employees' costs by industry is. The share of compensation of employees on gross value added at current prices is shown on the Table 2 . The overall figures show that 43% of gross value added was "paid" to employees in 1995 and 46% in 2017. In relation with the information in Table 1 , employees share decreased significantly in agriculture (A), construction (F) and banking (K) industries. It is obvious, since technological progress and availability of modern efficient technologies substitutes labour in these industries. This can be hardly valid for personnel demanding industries such as education (P) and health and social care (Q). The change of the total number workers is observed due to the increase of the statutory retirement age. Up to now, the average age in the population is rising but due to the low fertility the share of young people is constantly decreasing. This, of course, implies an increase in the average age of employees in the Czech economy. The development of the number of workers is seen in Figure 1 . The overall number of workers rise between 1995 and 2017 by 2.9% to 5.25 million workers. The period of 23 year is long enough to see structural economic changes. 
Ageing and productivity
The unique data source that can provide employment by age and industry is Labour Force Survey (LFS). This traditional data source aims household and measures both employees and self-employed. It allows us to present average age of the workers by industries, see Figure 2 . It is not a surprise that the "youngest" industries comprise IT (J), transport services (H) and banking (K). On the contrary, into the group of the "oldest" industries belong mainly agriculture Despite methodological differences from national accounts, this provides an interesting comparison about the impact of ageing on particular industries, see Figure 3 . The drop in the age group of 15-24 years is obvious but also relates to the higher demand for university education by youth (of course, it stands for the youth who do not work). On the contrary, the increase of the share of bars on top of the figure responds to the increase of older workers. Between 1997 and 2017 the total share of workers above 55 years increased by 9 percentage points and reached 18.3% in total productive population. Among the most affected industries by population ageing belong agriculture (A), construction (F) and health care (Q). Construction and health care are very labour intensive industries, the number of workers varies between 9.6% (in 1997) and 7.6% (in 2017) and 5.0% (in 1997) and 6.4% (in 2017) respectively. The crucial proxy for productivity measurement is a wage. This distribution of the monthly wages represents very important information (see Figure 4 ).
Figure 4: Average monthly wages by age and education level for 2017 (in CZK)
Source: the authors. Figure 4 shows that people earn the highest wages between 35 and 59 years of their life. This is valid mainly for people that are more educated; secondary school and university degree. It is obvious that for the works requiring low qualification, younger workers can be more productive and therefore have higher wages. Of course, there are also very high wages in the age group 60 to 64 for higher educations. However, this group is relatively smaller and specific containing university professors or doctors and hardly comparable across educational level. If we assume that wages are distributed according the marginal productivity and use this indicator as a proxy for productivity measurement for ageing, we obtain relative productivity measures, see Table 3 . Relative Productivity Measures (RPM) describe the productivity of the age groups in relation to the country average. Productivity is estimated as a labour based productivity, i.e. according to marginal productivity per worker (wages per worker by different stratification groups). It is derived from average wages by age-groups and level of education. It shows how much is a particular age-group more or less productive in relation to the average with the same education level.
For the computational purposes, we use the average for the years 2017 and 2007 (latest available). We selected ten-year period for better expressing the changes in the society. For example, people with the university degree in the age group 65+ are less productive than people in the age group 40-44 by 0.16 percentage points (1.12-0.96). Similarly, people with the lowest education in the age group 30-34 are the most productive. 08 1.06 1.07 1.04 1.00 1.02 1.08 1.00 1.04 1.16 1.00 1.08 1.02 0.91 0.96  35-39 1.07 1.04 1.05 1.02 1.00 1.01 1.05 1.03 1.04 1.19 1.08 1.13 1.16 1.08 1.12  40-44 1.03 1.03 1.03 1.01 1.04 1.02 1.01 1.06 1.04 1.12 1.16 1.14 1.11 1.14 
Estimated labour productivity index
There are several ways how the present changing productivity and we use index approach. For the description of current state of art and for future research, we construct Estimated Labour Productivity Index (ELPI). This index is composed from data describe above, labour productivity, demographic projection and macroeconomic statistics. Such index combines demographic situation and long trends in development. We define ELPI as
where IELP is estimated labour productivity index, ITECH is technological development, IDEM is demographic development and IAVG is average development of the industry. For the purposes of our paper, we suppose that technological development is a unit index since we can focus on the expression of ageing only. The technological progress is an important issue that is studied by the Ministry of Finance or the Czech National Bank for their predictions of economic development. We focus on the demographic part of ELPI that is comes from the combination of demographic projection of the Czech Republic published by the Czech Statistical Office 1 and RPM. The long-term development of the industry should represent the demand for products of a particular industry and not in the scope of interest for our paper. The demographic part of ELPI is crucially affected by the demographic wave and for the comparison of the pure demographic effect of productivity we suppose the same educational structure of population and the same rate of the economic activity as in 2018. The development of IDEM is shown on the Figure 5 . We present it as a base index with the base in the year 2018. Different relations of RPM in the population causes the expected development of demographic wave is not completely respected and all effect mentioned above are clearly visible. The highest negative impact is observed for primary and incomplete and secondary education without Alevel examination. On the contrary, productivity of people with higher education will be affected relatively slightly. We estimate the overall average annual decrease 0.021% that is significantly lower than 0.1% estimated by the IMF. However, our figures count with expected population development with relatively positive development in the first 40 years and with the decline later while the IMF counts net negative effects.
In reality, the situation is more complex. We expect that population ageing not only in the Czech Republic will be partly compensated by the increase of the rate of economic activity, better health condition of the workers and increase of the statutory retirement age. From the perspective of the international comparison, we used data estimated by the IMF, see following Figure 6 . The loss estimated by the IMF for the Czech Republic is significant, about 0.5 percentage points from the total factor productivity. It was one of the most important decrease. Similar situation stands for Latvia, Lithuania or Hungary. 
Conclusion
The problem of labour productivity and population ageing is not new. In western countries this issue has been discussed for long time. The fundamental question is how the society will absorb the changes in the structure of labour and how the potential loss of capacities will be compensated. In many countries where ageing presents it is a combination of migration and technological progress. In some areas such as education, health and social care the substitution of human work by robots is less probable.
The research aimed at industries and attained education level is very important since we cannot expect that ageing effects will proportionally affects all areas of the economy. We focused on the labour productivity and wages as proxy measure for the productivity. In this sense, we constructed relative productivity measures and we combined them with official demographic projection. The most important outcome of our paper lies in the estimate of demographic contribution to labour productivity index, ceteris paribus. The labour productivity index is a broader category that needs further detailed elaboration, mainly from the perspective of economic consequences such as estimated economic activity and estimated demand for the products of the industries. Our approach is relatively new and exceptional in the Czech Republic. On the contrary, this issue has been discussed in western countries for several years.
We think that similar studies should be comprised in the country´s ageing preparation strategies.
The problem described within the paper tackled just one economic aspect of population ageing. The productivity model described above will be further studied and estimated labour productivity index will be used as parameter for CGE model within our future research.
